Introduction. Vitamin K deficiency is highly prevalent in cystic fibrosis (CF) patients despite supplementation. Moreover, no reliable risk factors for its occurrence are known. The aim was to assess the prevalence of vitamin K deficiency and associated factors in non-supplemented CF patients. Methods. Prothrombin concentration induced by vitamin K absence (PIVKA-II) and the undercarboxylated osteocalcin percentage (u-OC) were determined. In all patients clinical status was assessed and its relation to vitamin K deficiency determined. The following tests were used for statistical analysis: Mann-Whitney test, ANOVA test or the Kruskal Wallis test, the chi-squared test or the Fisher-Freeman-Halton test, and multiple linear and multiple forward stepwise logistic regression analysis. Results. The study group comprised 79 CF patients aged 0.4-25.3 years. PIVKA-II and u-OC were abnormal in 56 (70.9%) and 45 (57.0%) patients. Patients with elevated PIVKA-II were significantly older (p= 0.0184) and had lower Z-score values for body weight (p= 0.0297) than those with normal concentrations. Patients with normal or pathological u-OC percentage did not differ. Abnormal PIVKA-II and u-OC were reported more frequently in subjects with two severe CFTR mutations and with worse/poor nutritional status. Multiple linear and forward stepwise regression analyses did not reveal strong predictive factors of vitamin K deficiency. Conclusion. Vitamin K deficiency is highly prevalent in the natural course of cystic fibrosis. There are no reliable clinical determinants of its occurrence.
INTRODUCTION
Vitamin K, a fat-soluble vitamin, e x i s t s i n t w o n a t u r a l f o r m s a s vitamin K1 (phyloquinone) and K2 (menaquinone). Vitamin K1 is found in large amounts in green leafy vegetables and vegetable oil. The primary source of vitamin K2 is fermented food. [1] [2] [3] Moreover, longchain menaquinones, such as MK-7, MK-8, MK-9, MK-10, MK-11 and MK-12 are synthesized by colonic flora (Bacteroides). 3 Vitamin K is essential for gammacarboxylation of vitamin K-dependent proteins, such as coagulation factors (II, VII, IX, X, protein S and C), osteocalcin, matrix-Gla protein, kidney Gla protein and growth-arrest- [4] [5] [6] Data indicates that vitamin K plays several biological roles. In addition to its participation in blood coagulation, vitamin K is important for bone mineralization, the regulation of vascular calcification, cancer prevention and improved insulin sensitivity. 4, [7] [8] [9] [10] Vitamin K deficiency in patients with cystic fibrosis (CF) is thought to be caused by intestinal malabsorption due to pancreatic insufficiency and bile salt deficiency, liver disease, bowel resection, antibiotic treatments and inadequate dietary intake. 11, 12 Vitamin K deficiency predisposes CF patients to easy bruising and bleeding (especially among infants), defective bone mineralization and osteoporosis. [13] [14] [15] R o u t i n e v i t a m i n K s u p p l e m e n t a t i o n in CF patients is recommended in many countries.
14 However, vitamin K deficiency is frequently reported in CF subjects despite supplementation. [16] [17] [18] [19] [20] [21] Therefore, identifying potential risk factors for vitamin K deficiency in CF patients seems to be very important. Nevertheless, reliable predictive factors have not been determined for CF subjects receiving vitamin K. 21 Hence, the aim of the present study was to assess the prevalence of vitamin K deficiency and associated factors in nonsupplemented cystic fibrosis patients.
POPULATION AND METHODS
Participants were recruited from December 2010 to December 2012. All patients who were treated in Lviv Cystic Fibrosis Centre were selected in routine follow-up visits. The main inclusion criteria were CF diagnosis and written consent for the study. Individuals were excluded if they had serious medical conditions (endstage pulmonary disease with EV1 <20%) or if they had received vitamin K supplementation. CF diagnosis was based on generally accepted guidelines. 22 Data on participants were collected on a regular basis throughout the study.
Nutritional status (standardized body height and weight, albumin concentration 23 ), clinical expression of disease (lung function, spirometry, exocrine pancreatic function, fecal elastase-1, [24] [25] [26] Pseudomonas aeruginosa colonization, and biochemical markers of liver damage -ALT, AST, GGT 27 , PT 28 ) were assessed at the time of blood sample collection in all CF patients. Additionally, information about coexisting diabetes and liver cirrhosis was collected. Pseudomonas aeruginosa colonization refers to isolation of the bacteria from the sputum at least once within a 6-month period prior to the study. The most common CFTR gene mutations in Western Ukraine were identified earlier in both alleles to confirm the cystic fibrosis diagnosis using polymerase chain reaction (PCR) and heteroduplex analysis or RFLP (Restriction Fragment Length Polymorphism).
Vitamin K status was estimated by measuring both the concentration of prothrombin induced by vitamin K absence (PIVKA-II) and the percentage of undercarboxylated osteocalcin (u-OC) using immunoassay kits (DeCarboxy Prothrombin, Diagnostica Stago, Asnières-sur-Seine, France; Glatype Osteocalcin EIA Takara BIO INC. Otsu, Shiga, Japan; Glu-type Osteocalcin EIA Takara BIO INC. Otsu, Shiga, Japan) as described earlier. 21 The differences between the subgroups with normal (PIVKA-II <2 ng/ml) and abnormal (PIVKA-II ≥2 ng/ml) vitamin K status were assessed using the Mann-Whitney test. In turn, differences between subgroups of patients with normal (u-OC <20%), insufficient (u-OC 20-50%) and deficient (u-OC >50%) vitamin K status were assessed using the ANOVA test (for Gaussian distribution) or the Kruskal Wallis test (for non-Gaussian distribution). The Shapiro-Wilk test was applied to determine the normality of data distribution. The frequency of vitamin K deficiency was estimated using the chi-squared test (for PIVKA-II) or the Fisher-FreemanHalton test (for u-OC). Multiple linear regression analysis and multiple forward stepwise logistic regression analysis were used to estimate the potential influence of all studied parameters on the occurrence of vitamin K deficiency in two models with different distributions of CFTR gene mutations. All independent variables were included in the regression models. The decision on including or excluding predictors which were statistically not significant was taken by analyzing partial and semi-partial correlation coefficients and by examining the collinearity of predictors using the tolerance coefficient. The level of significance was set at p < 0.05. Statistical analyses were carried out using StatSoft. Inc (2014) STATISTICA (data analysis software system version 12).
The study was conducted in accordance with the revised Declaration of Helsinki. Informed written consent was obtained from adult patients who were 16 years old or older or from patients' parents when the patients were younger than 16. 
RESULTS
One hundred available CF patients were screened. Three CF patients were excluded because they had FEV1 under 20%. Four subjects received vitamin K supplementation, and 14 subjects enrolled at the preliminary stage dropped out of the study due to the loss of blood samples in transport. Finally, 79 CF patients aged 0. Table 1 .
Five (6.3%) patients were pancreatic sufficient, while the remaining 74 (93.7%) subjects presented steatorrhea. Sixty-five (82.3%) patients were colonized with Pseudomonas aeruginosa. Only one (1.3%) CF patient had diabetes and 5 (6.3%) patients had liver cirrhosis.
Mutations in one or both alleles of CFTR gene were identified in all patients -CFTR gene mutations in bold refer to severe mutations. The genotypes of the studied patients were as follows:
(n= 1), 2184insA/2184insA (n= 1), 2184insA/ N1303K (n= 1), 3272-11А>G/3272-11A>G (n= 1), 
621-1G>T/3849+10kbC>T (n= 1), G542X/N1303K (n= 1), N1303K/2183AA-G (n= 1). Pathological PIVKA-II concentrations and abnormal percentage of u-OC were found in 56 (70.9%) and 45 (57.0%) CF patients who were not receiving vitamin K.
The study subgroups with normal and pathological PIVKA-II concentrations differed significantly in terms of age (p= 0.0184) and standardized body weight (p= 0.0297). However, patients with normal and pathological vitamin K status based on the percentage of u-OC did not differ significantly ( Table 2 and Table 3 ).
Vitamin K deficiency based on PIVKA-II and u-OC was more frequently reported in CF subjects with two severe mutations in both alleles of CFTR gene and with standardized body weight below one standard deviation ( Table 2 and Table 3 ).
According to the multiple linear regression analysis in models defined in relation to F508del/other and severe/other, GGT was potentially defined as a determinant of PIVKA-II concentration ( Table 4 ). The regression model for u-OC was not statistically significant.
Based on the multiple forward stepwise logistic regression analysis, GGT, AST, FEV1 and albumin concentration (in both regression models) together explained 58.3% of PIVKA-II concentration variance ( Table 5) .
DISCUSSION
In the present study we found a high prevalence of vitamin K deficiency in CF patients. It was more frequent in subjects with two severe CFTR gene mutations and with worse nutritional status. Moreover, PIVKA-II concentration was significantly dependent on GGT activity. This may suggest that GGT activity could be a strong predictor of vitamin K status. However, in most patients, GGT activity was within the reference range. Therefore, this finding -although statistically significant -does not seem to have any clinical importance.
Considering the biological role of vitamin K, i t s s u p p l e m e n t a t i o n s e e m s t o b e v e r y important in CF patients who are at risk of its deficiency. Moreover, it is necessary to carry out studies which could explain the existence of vitamin K deficiency in CF patients despite its supplementation. [16] [17] [18] [19] [20] [21] Therefore, finding endogenous and exogenous determinants of vitamin K deficiency could help to determine the appropriate vitamin K dosage in order to maintain its normal body resources in CF patients. This study is the first to recruit a large group of CF patients without vitamin K supplementation in order to analyze potential determinants of its deficiency. It is worth emphasizing that vitamin K supplementation in CF patients is mandatory Table 3 
. Clinical, biochemical and functional parameters in CF patients with normal and pathological u-OC percentage (N= 79).
u-OC: undercarboxylated osteocalcin, FEV1: forced expiratory volume in 1 second, PT: prothrombin time, ALT: alanine transaminase, AST: aspartate transaminase, GGT: gamma-glutamyl transferase, CFTR: cystic fibrosis transmembrane conductance regulator. 1 FEV1 was assessed in 59 patients. Age of the participants (below 6 years old) determined the possibility of perform the test.
in most countries. Therefore, recruiting such a large, homogenous group of CF patients is not easy. Only CF subjects who had never received vitamin K were included, which is the main methodological advantage of the present study. The present study is an exploratory study without calculation of sample size, which constitutes its disadvantage. 3 Multiple linear regression analysis was estimated in 55 patients because 24 participants did not have complete data (in 20 subjects a lack of FEV1 and in 4 a lack of GGT activity). 4 regression slope coefficient ± standard error of regression slope coefficient. is an indirect measurement of vitamin K using PIVKA-II concentration and u-OC percentage.
On the other hand, however, PIVKA-II and u-OC reflect the biological role of vitamin K. Available evidence indicates some risk factors associated with decreased vitamin K in both supplemented and non-supplemented CF patients. It has been suggested that exocrine pancreatic insufficiency and malabsorption of fats and bile salts in CF patients can lead to fat-soluble vitamin deficiency, including vitamin K. 14, 29, 30 Rashid et al., found significantly higher levels of PIVKA-II in CF patients with pancreatic insufficiency without vitamin K supplementation (n= 83) compared with subjects with normal pancreatic function (n= 15). 31 Nicolaidou et al., found significant differences in u-OC (median 4.0 vs. 8.1 ng/ml, p= 0.017) and c-OC concentrations (median 22.0 vs. 13.8 ng/ml, p= 0.002) among healthy individuals (n= 25) and CF patients with pancreatic insufficiency without vitamin K supplementation (n= 20). 32 Similarly, Hoorn et al., documented significantly higher PIVKA-II concentrations in pancreatic insufficient CF patients who were not receiving vitamin K (n= 10) or were receiving a low dose (<0.25 mg/ day) (n= 6) compared with healthy subjects (n= 9). 33 Liver disease is also listed as one of the risk factors of vitamin K deficiency in CF patients. 14 Mosler et al., demonstrated normal PIVKA-II concentrations only in two cases among 15 CF subjects with liver disease who were receiving oral ursodeoxycholic acid due to high GGT activity. 13 Rashid et al., and Wilson et al., documented pathological PIVKA-II concentrations in all CF patients with liver disease (n= 8 and n= 6, respectively). 31, 34 Recently, we found evidence that vitamin K deficiency is more frequent in CF patients with liver cirrhosis than in those without. However, liver cirrhosis was not documented to be an independent risk factor of vitamin K deficiency in CF. 35 In the past, long-term use of antibiotics was also considered a potential risk factor of vitamin K deficiency because it could decrease vitamin K production by colonic flora 17 . However, Beker et al. and Rashid et al., did not find significant correlation between antibiotic treatment and PIVKA-II concentrations in CF patients. 16, 31 In our another recent study, 21 we documented that pathological concentrations of PIVKA-II occurred more frequently in CF patients with pancreatic insufficiency and those who have two severe mutations in both alleles of the CFTR gene. The pathological percentage of u-OC was found more frequently in adult CF patients and those who were not receiving vitamin K. 21 Multiple linear regression analysis showed that none of the independent variables (age, Z-score for body weight and height, FEV1, albumin concentration, vitamin K dose mg/week, diabetes, liver disease, pancreatic insufficiency, Pseudomonas aeruginosa colonization, inhaled and oral permanent antibiotic therapy, intravenous and oral antibiotic therapy in the preceding three months, inhaled glucocorticoids therapy, CFTR mutation) were important for predicting PIVKA-II or u-OC status. However, based on multiple stepwise logistic regression analysis, we demonstrated that liver disease, diabetes and glucocorticoid therapy were potential determinants of PIVKA-II concentrations and that the dose of vitamin K was a potential determinant of u-OC percentage in CF patients. 21 Dougherty et al., also presented multiple linear regression models predicting vitamin K status in supplemented CF subjects, which were separately represented as u-OC percentages for females and males. They documented that vitamin K supplementation, 25(OH)D 3 , age for males, and vitamin K supplementation only for females were significant predictors of u-OC percentage. 19 In conclusion, vitamin K deficiency is highly prevalent in the natural course of cystic fibrosis. There are no reliable clinical determinants of its occurrence. n
